fv  \r^p7VT:  "in  ^ 


m 


AD- A 160  825 

AMMRC  TR  85-14 


THERMAL  ANALYSIS  CHARACTERIZATION  OF 
ELASTOMERS  AND  CARBON  BLACK  FILLED 
RUBBER  COMPOSITES  FOR  ARMY  APPUCAT! 


./  ^  *4  ” 


/"!  ! 
/  > 


ROBERT  E;  SACHER;  DOMEMIC  P.  MACAKJNE,  and  : 
ROBERT  E.  SINGIER  ^  /  J  j 

■;  j-,..-  \  *  /  ;  ] 

P0LYM4R  RESEARCH  DIVISION  / .  /  I 


\ 

v*  \ 

V  \ 
'***?  \ 


r  •  t 

C/3  I 


i 


June  1985 


Approved  for  public  release;  distribution  unlimited. 


STIC  FILE  CORY 


V 


ARMY  MATERIALS  AND  MECHANICS  RESEARCH  CENTER 
Watertown,  Massachusetts  02172-0C01 


ojlS 

?t#l  01** 


\ 


85  11  01  029 


f  . 


The  findings  in  ihi*  report  arc  not  to  be  construed  as  an  official 
Department  of  the  Army  position,  unless  so  designated  by  other 
authorised  documents. 

Mention  of  any  trade  names  or  manufacturers  in  this  report 
shall  not  be  construed  as  advertising  nor  as  an  official 
indorsement  or  approval  of  such  products  or  companies  by 
the  United  States  Government. 


OISKJSITION  INSTRUCTIONS 

Deitrov  thn  rrport  when  it  it  no  longer  n ratal 
Oo  not  return  it  to  the  originator. 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whtn  Data  Smart of; 


REPORT  DOCUMENTATION  PAGE 


NUMBER 

AMMRC  TR  85-14 


4.  TITLE  (and  Submit) 

THERMAL  ANALYSIS  CHARACTERIZATION  OF  ELASTOMERS 
AND  CARBON  BLACK  FILLED  RUBBER  COMPOSITES 
FOR  ARMY  APPLICATIONS 


7.  AUTHOR!#; 

Robert  E.  Sacher,  Domenic  P.  Macaione,  and 
Robert  E.  Singler 


PERFORMING  ORGANIZATION  NAME  AND  AOORESS 

Army  Materials  and  Mechanics  Research  Center 
Watertown,  Massachusetts  02172-0001 
AMXMR-OP 


11.  CONTROLLING  OFFICE  NAME  AND  AOORESS 

II. S.  Array  Materiel  Command 
Alexandria,  Virginia  22333 


.  MONITORING  AGENCY  w  AMC  *  ADORES W  dlllatanl  turn  Contwlilnj  Olllta) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


J.  RECIPIENT'S  CATALOG  NUMBER 
< 


S.  TYPE  OF  REPORT  A  PERIOD  COVERED 

Final  Report 


»■  PERFORMING  ORG.  REPORT  NUMBER 


«.  CONTRACT  OR  GRANT  NUMBER!#; 


0.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  4  WORK  UNIT  NUMBERS 

D/A  Project:  1L162105AH84 
Agency  Accession:  DA  OD4815 


U.  REPORT  DATE 

June  1985 


U.  NUMBER  OF  PAGES 

29 


IS.  SECURITY  CLASS.  !of  (hi#  tapotl) 

Unclassified 


<S«.  DECLASSIFICATION/ DOWNGRADING 


IS.  DISTRIBUTION  STATEMENT  (at  Ihl#  Rapotl) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  !•/  (A.  akaltatl  anltrad  la  Wot  A  JO.  II  dlllatanl  tram  Rafiotl) 


IS.  KEY  WORDS  fCMItft w#  an  tatataa  alda  II  a  at  •••an  aful  Identity  by  block  lumbar ) 


Thermal  analysis 
Elastomers 
Track  pads 


Rubber 

Carbon 


ZO.  ABSTRACT  (CaaOaoa  an  raaatta  tlda  H  aatataaty  and  Identity  by  blotk  numbet) 


(SEE  REVERSE  SIDE) 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OfTmiS  PAGE  tWhtfi  Knitted) 


DO  I  JAN  71  1473  COITION  OF  I  MOV  SI  IS  OBSOLETE 


_  UNCLASSIFIED _ 

*CCU*ITV  CLASSIFICATION  or  THIi*A6l  fWiMi  Out  enttttd) 


Block  No.  20 


ABSTRACT 


number  of  elastomeric  based  materials  used  in  Army  tank  track  pads 
have  been  analyzed  by  a  variety  of  thermal  analysis  techniques  which  include 
thermogravimetric  analysis,  differential  scanning  calorimetry,  thermomechanical 
analysis,  and  dynamic  mechanical  analysis.  These  measurements  have  been  devel¬ 
oped  to  yield  data  concerning  the  chemical  composition  of  the  complex  elastomer 
system,  the  cure  chemistry  and  conversion  of  the  rubber,  the  glass  transition 
temperature(s)  of  the  elastomers,  the  tensile  storage  modulus  as  a  function  of 
temperature,  and  the  use  of  thermogravimetric  analysis  as  a  quality  control 
procedure  for  track  pads.  '■  ^ 


_ UNCLASSIFIED _ 

iCCuftitv  Cl  AUinc  atiom  of  run  faof  <>«• 


CONTENTS 


Page 


NOMENCLATURE . iii 

INTRODUCTION .  ] 

EXPERIMENTAL 

Materials .  1 

Analytical  Procedures .  2 

RESULTS 

Thermogravime trie  Analysis  (TGA)  .  2 

Differential  Scanning  Calorimetry  (DSC) .  4 

Thermomechanical  Analysis  (TMA)  and  Dynamic  Mechanical  Analysis  (DMA).  .  4 

Analysis  of  Unknown  Compounds . . .  5 

U.S.  Versus  Foreign  Track  Rubber  .  5 

CONCLUSION.  . .  6 

ACKNOWLEDGMENT .  6 

APPENDIX.  COMPOSITIONS  OF  SAMPLES  FROM  TABLE  3 .  23 


Accession  For 

NTI'V  QRA&X 
DTIC  TAB 
Unannounced 
Justification- 


I 

□ 


By — . — — - 

Distribution/  _ 

Availability  Codos_ 
]Avail  and/or 
Spec  ial 


NOMENCLATURE 


AMC-HQ  -  Army  Materiel  Command  -  Headquarters 

BFG  -  BF  Goodrich 

BR  -  Butadiene  Rubber 

C  -  Cured 

EXP  -  Experimental 

FR  -  Firestone  Tire  &  Rubber  Co. 

G4  -  Goodyear  Tire  Co. 

GS  -  Ground  Side 

MRL  -  Materials  Research  Laboratories  -  Australia 

NAT  -  Natural  Rubber 

NR  -  Natural  Rubber 

PB  -  Polybutadience 

PBD  -  Polybutadiene  Rubber 

PHR  -  Parts  per  hundred  rubber 

QPL  -  Qualified  Products  List 

RW  -  Road wheel  Side 

SP  -  Standard  Products 

SBR  -  Styrene-Butadiene  Rubber 

SR  -  Synthetic  Rubber  (SBR  or  SBR-BR) 

TR  -  Track  Rubber 

U  -  Uncurcd 
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INTRODUCTION 


Thermal  analytical  techniques  have  been  shown  by  many  workers  to  provide  impor¬ 
tant  information  pertaining  to  the  analysis  of  rubber  used  in  applications  ranging 
from  automotive  and  aircraft  tires  to  rubber  belts,  hoses,  and  seals.  Although 
thermal  studies  on  rubber  materials  closely  parallel  the  advances  of  rubber  techno¬ 
logy  that  have  occurred  over  the  past  150  years,  the  use  of  modern  thermal  analy¬ 
tical  techniques,  such  as  shown  in  Table  1,  enables  the  analytical  chemist  to 
rapidly  and  accurately  perform  a  variety  of  procedures  to  assist  the  rubber  chemist 
with  compositional  analysis,  elastomer  identification,  and  determining  the  state  of 
cure  of  the  rubber  compound.  A  detailed  list  of  information  that  can  be  obtained  by 
the  usejOf  modern^thermal  analytical  techniques  is  shown  in  Table  2.  Reviews  by 
Sircar,  Brazier,  and  Maurer  are  illustrative  of  the  versatility  and  importance 
of  thermal  analytical  techniques. 

Rubber  end  items  are  as  important  to  the  U.S.  Army  as  they  are  in  the  commer¬ 
cial  sector.  The  U.S.  Army  annually  spends  tens  of  millions  of  dollars  for  the 
purchase  of  rubber  tires  and  other  component  parts  of  cars,  trucks,  and  tracked 
vehicles.  Current  annual  repair  and  replacement  costs  for  track  rubber  used  in 
tanks  and  other  track  vehicles  are  estimated  to  be  in  the  range  of  $100,000,000; 
this  estimate  is  expected  to  double  within  the  next  ten  years  with  the  full  imple¬ 
mentation  of  the  M-l  main  battle  tank  into  the  Army  inventory.*  Rubber  components 
in  fuel  handling  equipment,  aircraft,  howitzers,  and  missiles  also  play  an  impor¬ 
tant  role  in  the  proper  operation  of  these  systems.  The  Army  Materials  and 
Mechanics  Research  Center  (AMMRC)  and  the  Army  Materiel  Command  (AMC)  recognize 
both  the  near-  and  long-term  need  for  a  viable  elastomer  R&D  effort  to  ensure  that 
the  Army's  requirements  for  satisfactory  rubber  products  are  achieved. * 

Although  thermal  analysis  is  widely  used  for  analysis  of  rubber  items  in  com¬ 
mercial  applications,  there  are  few  reports  or  other  documentation  of  the  use  of 
modern  thermal  analytical  techniques  for  analysis  of  rubber  items  used  by  the  Army. 
This  report  describes  our  work  to  develop  a  thermal  analysis  program  on  the  carbon 
black  filled  rubber  compounds  of  interest  to  the  Army  with  an  emphasis  on  track 
rubber  end  items.  Preliminary  reports  on  this  work  were  presented  at  the  1983 
DARC0M  Rubber  Review!  and  to  TAC0M,  May  1984,** 


EXPERIMENTAL 


Materials 


the  materials  used  In  this  study  were  either  laboratory  compounds  provided  by 
Ft.  Belvoir  or  Red  River  Army  Depot  (RRAD),  known  samples  from  commercial  sources. 


•U.S.  Army  Tank-Automotive  Command,  Trick  and  Suspension  RAD  Symposium.  29*30  March  1982. 
t  AMC  Elastomer  Retouch  and  Development  Program  ■  IT' 85,  Army  Material*  and  Mechanic  Research  Center,  December  1984. 

TDARCOM  Elastomer  Rcrtcw,  IT.  Belvoir,  VA,  8*9  November  1983. 

••SINGLKR,  R.  E.  AMMRC  Rubber  CharactwDallen  and  Tcttlng  *  Statu*  Report,  TACOM  TYae*  Effort  Group  Meeting,  25  April  1984. 

1.  SIRCAR,  A.  K.  Chcractetiieiton  of  titastomers  by  Thermal  A  Italy  tit.  Journal  of  Scientific  and  Industrial  Research,  v.  41, 1982,  p.  536. 

2.  BRAZIER,  D.  W.  Applications  of  Thermal  Analytical  Procedures  (n  the  Study  of  Utastomm  and  tlastomer  Systems.  Journal  of  Rubber 
Chemistry  and  Technology,  *.  S3, 1980,  p.  437. 

3.  MAURI ER,  J.  J.  Thermal  Ckaraeterbation  of  Polymeric  Materials.  Chapter  6,  E.  A.  Turi,  ed..  Academic  Press.  NY,  1981. 
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or  production  samples  provided  by  the  Tank-Automotive  Command  (TACOM)  or  RRAD.  The 
production  samples  were  purchased  by  the  Army  under  contract  to  private  industry. 
Complete  lists  of  samples  are  given  in  Table  3.  Most  samples  are  prefixed  with 
"TR,"  which  stands  for  "track  rubber."  In  cases  where  the  sample  is  a  rubber  com¬ 
pound  of  known  composition,  formulation  is  provided  in  Table  4  or  in  the  appendix. 
The  production  compounds  are  of  undisclosed  composition. 


Analytical  Procedures 


Thermogravimetric  analysis  (TGA),  differential  thermogravimetric  analysis 
(DTG),  and  differential  scanning  calorimetry  (DSC)  were  performed  on  all  samples 
given  in  Table  3.  Other  methods  studied  included  dynamic  mechanical  analysis  (DMA) 
and  thermomechanical  analysis  (TMA). 

TGA-DTG  were  run  using  both  the  DuPont  1090  and  990  analyzers  coupled  with  the 
951  TGA  module.  The  scans  were  measured  by  heating  a  5-ttig  to  15-mg  sample  from 
ambient  temperature  to  550°C  in  a  flow  of  nitrogen  (flow  rate  of  approximately  75 
cc/min)  and  a  heating  rate  of  10°C/oin  (1090)  or  20°C/min  (990)  and  then  heating  at 
the  same  rate  to  850°C  in  a  flow  of  air  (flow  rate  of  approximately  75  cc/min). 

DSC  scans  were  measured  with  a  DuPont  910  Differential  Scanning  Calorimeter 
Cell.  The  DSC  curves  were  produced  by  heating  each  sample  from  -110*C  to  500°C  at 
a  heating  rate  of  10®C/mln  in  a  flow  of  nitrogen. 

Thermomechanical  analysis  scans  were  measured  on  a  Perkin-Elmer  TMS-1,  utilis¬ 
ing  the  penetration  probe.  Each  sample  was  heated  from  -120*C  to  50  "C  at  a  heating 
rate  of  5®C/oin. 

Dynamic  mechanical  measurements  were  made  utilising  a  Rheometrlca  Dynamic  Spec¬ 
trometer  on  samples  which  were  approximately  63  mm  long,  11  mm  wide,  and  5  mm 
thick.  Each  sample  was  heated  from  -160*C  to  110*C  in  a  constant  flow  of  nitrogen. 


RESULTS 


Tb^P0fj**4viiw?tHc  Analysis  (TGA) 


Thermogravimetric  analysis  yields  a  considerable  amount  of  information  concern¬ 
ing  the  chemical  composition  of  the  elastomer  system.  The  controlled  heating 
process  in  nitrogen  and  air  closely  parallel  the  traditional  wet  chemical  analysis 
procedures  given  In  ASTM  D297,*  except  that  TGA  is  more  rapid  and  could  be  employed 
as  a  quality  control  procedure  for  production  rubber  compounds.  In  fact,  ASTM  task 
group  E3701.Q9  has  recently  received  approval  for  its  document  on  the  "Standard 
Practice  for  Compositional  Analysts  by  Thermogravimetry;"  a  method  designed  basic¬ 
ally  for  compounded  rubber  materials.* 


•LARKIN,  D.  r.  tfcmoll  Dtewl  AUiwn,  Icbruiiy  I9EJ,  Plrimie  Communkaffcm. 

4.  UctkoJ  for  Rubber  Product t  •  Oemiad  Atulytis.  1983  Ajuuul  Book  of  ASTM  SumU/di.  ASTM  D297-3I ,  v.  09.01 . 


TGA  can  be  utilized  very  specifically  and  accurately  to  determine  the  concen¬ 
tration  of  total  organic  components,  carbon  black,  and  ash  in  vulcanized  and  un¬ 
cured  materials.  A  representative  TGA-DTG  curve  for  an  SBR  vulcanlzate  is  shown  in 
Figure  1.  The  measurement  can  differentiate  between  the  highly  volatile  matter 
[moisture,  plasticizer,  residual  solvents,  oils,  or  other  low  boiling  (300°C  or 
less)]  components  and  medium  volatile  matter  (including  the  rubber  type).  After 
the  organic  and  polymeric  components  have  been  pyrolyzed,  a  plateau  region  is 
obtained  (around  550°C);  changing  over  to  an  air  atmosphere  oxidizes  the  carbon 
black,  leaving  the  ash  residue.  The  method  is  intended  for  use  in  problem  solving, 
quality  control,  and  material  screening  where  a  compositional  analysis  is  desired 
or  a  comparison  can  be  made  with  a  known  material  of  the  same  type.  In  addition, 
the  derivative  phase  of  the  TGA  plot  can  be  used  for  identification  of  the  rubber 
and,  also,  in  some  cases,  quantification  of  polymer  blends  containing  NR  and  syn¬ 
thetic  rubbers. 

Figure  2  shows  the  comparative  TGA-DTG  scans  for  new  and  acetone  extracted 
samples  taken  from  the  ground  side  of  a  T-156  track  block  sample  (TR-27).  For  the 
unextracted  sample  (top),  the  TGA  trace  shows  a  broad  shoulder  in  the  temperature 
range  229°C  to  422°C;  this  is  also  followed  by  a  slow  rise  in  the  DTG  trace  in  the 
same  temperature  region.  In  contrast,  for  the  extracted  sample  (bottom),  there  is 
no  slow  weight  loss  below  400 °C;  rather,  there  is  a  sharp  drop  commencing  around 
415°C.  The  DTG  trace  does  not  start  to  rise  above  the  base  line  until  approximate¬ 
ly  400°C.  The  peak  maximum  for  the  extracted  and  unextracted  samples  are  both 
measured  at  approximately  500 °C. 

The  data  obtained  on  the  TR  systems  have  been  tabulated  in  Tables  5  through  9. 

A  number  of  comments  can  be  made  concerning  these  data: 

1.  For  comparison  of  known  formulations  (TR's  38-44,  93-96,  111-116)  versus 
TGA  measured  parameter,  the  X  organics  and  the  X  carbon  black  are  very  consistent 
in  almost  every  case.  The  X  residue  or  X  inorganics  vary  in  a  number  of  samples. 

It  Is  assumed  here  that  the  residue  Is  the  original  Inorganic  components  of  the 
rubber  compound;  however,  workers  have  shown  that  in  some  cases  sm|ll  corrections 
must  be  made  for  nonvolatile  residues  from  the  organic  components.  The  muffle 
furnace  results  (Table  9)  are  much  closer  to  the  theoretical  values.  This  Is  to  be 
expected,  for  a  much  larger  sample  is  used  when  a3hing  in  a  muffle  furnace,  and  any 
inhoaogenltles  in  the  track  rubber  samples  can  be  nearly  completely  eliminated. 

2.  For  general  purpose  rubber  (SBR-BR-NR)  compounds,  the  DTG  or  derivative 
curve  can  ^e  utilized  to  determine  the  type  of  elastomer  system  in  each  of  the 
materials.  Natural  rubber  exhibits  a  peak  maximum  at  approximately  365°C  while 
SBR-BR  and  BR  exhibit  a  peak  at  approximately  450*C.  No  differentiation  can  be 
made  between  SBR  and  BR.  Quantification  of  NR  versus  SBR  and/or  BR  can  be  obtained 
from  DTG  curves,  however. 

Examples  of  three  different  systems  are  given  in  Figure  3  for  SBR-BR  (top), 
SBR-BR-NR  (middle),  and  NR  (bottom).  Note,  In  the  top  trace  (TR-90),  a  peak  maxi¬ 
mum  between  450#C  to  500*C,  which  is  characteristic  for  SBR-BR.  No  differentia¬ 
tion  can  be  made  between  SBR  and  BR.  A  peak  maximum  at  400#C  is  observed,  in  the 
middle  trace  (TR-89),  in  which  35  wt  X  of  the  rubber  content  is  NT.  The  bottom 
trace  (TR-86)  is  a  foreign  track  rubber  compound  of  unknown  composition;  however, 
the  DTG  shows  Chat  this  Is  most  likely  a  1001  NR  compound. 
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Although  this  report  has  utilized  DTG  analysis  only  for  qualitative  analysis  of 
the  elastomer  system,  quantitative  analysis  most  likely  could  be  obtained  by  com¬ 
parison  with  a  series  of  samples  of  known  elastomer  content.  This  would  enable  the 
analyst  to  determine  the  limits  of  detection  of  NR  in  the  presence  of  SBR-BR  and 
vice  versa. 

3.  Table  6  illustrates  the  data  obtained  for  uncured  and  cured  track  rubber 
samples.  The  data  show  that  very  little  change  occurs  in  the  X  organics,  %  carbon 
black,  and  %  residue  after  curing  of  the  elastomer  system.  One  might  expect  the 
weight  loss  to  be  lower  at  300°C  and  400°C  for  a  cured  specimen.  However,  the 
results  tabulated  in  Table  6  do  not  show  any  consistency  of  lower  weight  loss  for 
cured  specimens.  In  addition  to  the  50%  weight  loss,  the  temperature  does  not 
indicate  substantial  difference  in  uncured  versus  cured  materials. 


Differential  Scanning  Calorimetry  (DSC) 


The  state  or  extent  of  cure  of  an  elastomer  is  very  important  in  determining 
the  quality  and  useful  life  of  a  track  rubber  system.  Thermogravimetric  analysis 
has  been  shown  to  be  an  excellent  tool  for  compositional  analysis  of  rubbers  but 
this  technique  has  one  very  serious  shortcoming.  The  results  on  uncured  versus 
cured  elastomer  analysis  do  not  show  any  significant  difference  between  Identical 
formulations. 

A  DSC  analysis  is  required  in  order  to  determine  if  an  elastomer  system  is 
cured  efficiently  and  to  determine  the  extent  of  cute.  Figures  4  and  5  are  DSC 
scans  of  an  uncured  and  cured  rubber  system.  The  uncured  rubbers  exhibit  a  broad 
exotherm  in  the  region  of  ISQ'C  to  220*C  for  the  uncured  system  and  the  absence  of 
this  exotherm  for  the  cured  specimens.  This  exothermic  peak  is  caused  by  the 
reaction  of  the  sulfur-accelerator  system  resulting  in  the  crosslinking  network  of 
the  cured  elastomer  system.  The  extent  of  cure  can  be  determined  by  measuring  the 
AH  of  the  uncured  material  and  comparing  this  result  to  the  All  of  the  cured  system. 
Cure  exotherm  temperatures  and  AH  values  are  tabulated  in  Table  10  for  selected  TR 
samples.  Theoretically,  if  a  system  is  totally  cured  and  no  other  exothermic 
chemical  reactions  are  occurring,  then  AH«0.  In  some  cases,  such  as  TR-40,  TR-44, 
TR-90,  TR-93,  TR-95,  TR-lll,  and  TR-L13,  AH*0,  therefore,  the  elastomer  is  totally 
cured. 


Themxnechankal  Analysis  (TNA)  and  Dynamic  Mechanical  Analysis  (DMA) 

Thsrmomechaniea 1  analysis  and  dynamic  mechanical  analysis  are  excellent  tech¬ 
niques  lor  determining  the  glass  transition  temperature  (Tg)  of  rubbers.  Tables  11 
and  12  show  the  Tg  data  obtained  by  TMA  and  DMA.  Table  13  illustrates  the  known 
Tg's  of  natural  rubber,  c is-polybutad ierc  rubber,  and  styrene-butadiene-1500  rubber 
in  the  uncured  and  cured  state.*  The  dat:  illustrates  that  the  tabulated  Tg  of 
every  sample  can  be  matched  to  either  NR,  cis-BR,  or  SUU-1500. 

DiUlend  and  triblend  compositions  can  cause  a  problem  with  Identification  by  Tg 
analysis.  As  shown  by  the  data  In  Table  12,  the  following  can  be  stated: 
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1.  Uncured  diblends  of  SBR  and  BR  exhibit  two  distinct  transitions  using  DMA 
(TR-111,  60  SBR*  t  *  -48°C  and  40  BR,  Tg  =  -98°C)  but  only  show  one  Tg  (-57°C)  by 
TMA.  8  ’  & 


2.  Cured  diblends  of  SBR  and  BR  exhibit  one  transition  using  DMA  (TR-112,  60 
SBR,  40  BR),  Tg  =  -59°C  and  TMA,  Tg  =  -59°C. 

3.  Uncured  triblends  of  SBR,  BR,  and  NR  exhibit  two  distinct  transitions  using 
DMA  (TR-113,  30  SBR,  30  BR,  30  NR,  Tg  =  -98°C  for  BR  and  Tg  ■  -49°C  for  SBR  and  NR) 
but  only  show  one  Tg  (-64°C)  by  TMA. 

4.  Cured  triblends  of  SBR,  BR,  and  NR  exhibit  one  transition  using  DMA  (TR-114, 
35  SBR,  30  BR,  30  NR),  Tg  =  -59°C  and  TMA,  Tg  =  -59°C. 

Sircar  and  Lamond^  showed  that  dtblends  of  SBR/BR  exhibit  a  T„  intermediate 
between  those  of  SBR  and  BR  which  varies  with  sample  composition  TFigure  6).  This 
phenomena  is  also  shown  with  the  TR  sample  Tg  data. 


Analysis  of  Unknown  Compounds 


One  example  of  an  unknown  track  rubber  material,  TR-21 ,  is  taken  to  illustrate 
the  methodology  utilized  to  determine  its  chemical  composition.  TGA  shows  approxi¬ 
mately  61%  organic  material,  6%  of  which  would  be  considered  additives,  extractable 
or  highly  volatile  material  (moisture,  plasticizer,  residual  solvent,  light  oils, 
or  other  low  boiling  components),  36%  carbon  black,  and  2.5%  residue  or  ash  con¬ 
tent.  The  DTG  curve  indicates  a  peak  at  450*C  using  the  1090  system  with  a  slight 
shoulder  at  410*C  and  the  990  data  using  twice  the  heating  rate  yielded  a  peak  at 
S00flC.  By  comparison  with  the  DTC  traces  in  Figure  3,  TR-21  ia  moat  likely  a 
synthetic  rubber  (SBR  or  SBR-BR)  compound  with  no  NR  component.  In  addition,  the 
DSC  analysis  did  not  show  an  exotherm  in  the  150*C  to  20O*C  region,  indicating  that 
the  vulcanization  process  was  essentially  complete. 

The  glass  transition  measurement  becomes  very  significant  in  determining  the 
rubber  system.  The  T„  measured  -42*C  by  DSC  and  -43*C  by  TMA,  therefore,  tf.*e 
rubber  material  is  tmVy  the  SBR  type. 


U.S.  Versus  Foreign  Track  Rubber 


Whereas  specification  NIL-T-11891D  required  all  U.  S  track  rubber  to  be  synthetic 
(except  for  bushings),  no  such  restriction  iu  . jssarily  applied  to  foreign  track.  The 
Tank-Automotive  Command  (TACOM)  continually  evaluates  foreign  track  to  determine  if 
any  of  these  materials  or  designs  would  be  applicable  to  U.S.  Army  vehicles.  Our  TGA 
studies  have  shown  some  differences  between  U.S.  and  foreign  track  rubber.  Table  14 
identifies  various  unknown  materials,  based  on  the  DTG  analysis  from  Table  5.  One 
can  sec,  for  insecure,  that  the  German  Leopard  Tank  Track  has  used  NR  compounds  for 
over  10  years  (TR-86  and  TR-92).  Similarly,  the  British  employ  NR  compounds  in  the 


$.  SIRCAR,  A.  K.,  and  t.AMONl),  T.  (».  IdtHtlficerkvi  of  bltttomrt  (n  71 K  Sraiom  by  Total  Thermal  Analyst  1,  Traul  and  Black 
SidnMlL  Journal  of  Kubttft  ChcmuU)  aod  TcchooL^y,  v.  48,  1975,  p.  301. 
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track  pads  as  well.  Since  some  of  these  countries  report  satisfactory  track  rubber 
performance,  the  revised  U.S.  specification,  MIL-T-11891D,  which  allows  for  the  use 
of  NR  or  any  materials  in  the  track,  may  be  a  step  in  the  right  direction  toward 
improving  U.S.  track  rubber  performance. 


CONCLUSION 


From  the  procedures  described  in  this  manuscript,  one  can  obtain  a  considerable 
amount  of  information  on  the  chemical  composition  and  level  of  cure  of  the  total 
elastomer  system.  This  does  not  preclude  the  use  of  other  analytical  procedures 
and  techniques  for  a  more  complete  analysis  and  evaluation  of  these  complex  track 
rubber  materials. 
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Figure  1.  Thermogravimetric  analysis  of  a  styrene-butadiene  (SBR)  rubber  vulcanlzate 
showing  weight  losses  for  organic,  carbon  black  and  Inorganic  components. 
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Figure  2.  Thermogravimoiric  analysis  (TGA-DTG). 


8 


Table  1.  COMMON  THERMOANALYSIS  TECHNIQUES* 


Abbreviation 

Technique 

Response  Measured 

DTA 

Differential  Thermal  Analysis 

Temperature  Difference 

DSC 

Differential  Scanning 

Calorimetry 

Energy  (Heat)  Difference 

TGA 

Thermogravimetry 

Weight  Change 

DTG 

Differential  Thermogravimetry 

Rate  of  Weight  Change 

TMA 

Thermomechanical  Analysis 

Dimensional  Changes 

DTMA 

Differential  Thermomechanical 
Analysis 

Rate  of  Change  of 
Dimensions 

Table  2.  CHARACTERIZATION  OF  ELASTOMERS  BY  THERMAL  ANALYSIS 


DSC 

Measure  Changes 
in  Heat  Flow 

TGA  and  DTG 

Measure  Weight  Changes 

Measure  Dimensional  Changes 

Thermal  Capacity 

X  Volatile,  Water, 

Solvent 

Thermal  Expansion 

Melting  Point.  Tg 

X  Plasticizer,  Oil, 

Extender 

Softening  Point 

Z  Crystallinity 

Z  Polymer 

Heat  Deflection  Temperature 

Curing  Profile 

Z  Carbon  Black 

MjcuIus,  Creep 

Blend,  Copolymer 

Analysis 

Z  Carbonate 

Mold  Shrinkage 

Additive  Analysis 

Degradation  Profile 

Thermal  Degradation 

Thermal  Stability 

Oxidative  Degradation 

Oxidation  Stability 

Elastomer  Identification 

Elastomer  Identification 

Plasticizer  Identification 
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Table  3.  TRACK  RUBBER  SAMPLES 


TR  Number 


Origin 


Composition* 


uncured  NR 
cured  NR 
uncured  SBR-BR 
cured  SBR-BR 


15 

BFG  100-JB-15 

16 

BFG  100-JB-15 

17 

BFG  146-JB-l 

18 

BFG  146-JB-l 

19 

BFG  100-J  5-16 

20 

BFG  100-JB-16 

21 

FR  NB-907-QPL 

22 

FR  TS-730-SR 

23 

FR  TS-740-NR 

24 

FR  NJ-417-QPL-RW 

25 

SP  Control 

26 

SP  NR 

27 

GY  T— 136  GS  New 

27 

GY  T— 156  RW  New 

38 

Ft,  Belvoir 

39 

Ft.  Belvoir 

40 

Ft.  Belvoir 

41 

Ft.  Belvoir 

42 

Ft.  Belvoir 

43 

Ft.  Belvoir 

44 

Ft.  Belvoir 

72 

Ft,  Belvoir 

73 

Ft,  Belvoir 

74 

Ft.  Belvoir 

75 

Ft.  Belvoir 

76 

Ft.  Belvoir 

84 

GY  T-156  GS 

85 

GY  T-156  RW 

86 

TACOM 

87 

RRA0 

88 

RRAD 

89 

RRAD 

90 

RRAD 

92 

MRL 

93 

RRAD 

04 

RRAD 

95 

RRAD 

96 

RRAD 

98 

Ft.  Belvoir 

99 

Ft.  Belvoir 

100 

AMHRC-OC 

101 

Ft.  Belvoir 

111 

Ft.  Belvoir 

112 

Ft.  Belvoir 

113 

Ft.  Belvoir 

114 

Ft.  Belvoir 

115 

RRAD 

116 

RRAD 

117 

RRAD 

118 

RRAD 

120 

AHHRC-OC 

124 

RRAD 

127 

TACOH 

128 

TACOM 

129 

TACOM 

130 

TACOM 

131 

AHC  HQ 

132 

TACOM 

133 

TACOM 

uncured  WR-NR 
cured  WR-NR 
MIL-T-1 189 IB  -  Unk 
Exp  -  Unk 
Exp  -  Unk 

MIL-T-U891B  -  Unk 
MIL-T-1! 89 IB  -  Unk 
Exp  -  Unk 

MIL-T-1 189 IB  -  Unk 
MIL-T-1 189  IB  -  Unk 
15-SBR-2B  -  Uncured  &  cured 
15-SBR-17A  -  Uncured  6  cured 
15-SBR-25  -  Uncured  &  cured 
15-NAT-2B  -  Uncured  &  cured 
15-NAT-11B  -  Uncured  &  cured 

15-NAT-18C  -  Uncured  &  cured 

15-NAT-22  -  Uncured  &  cured 
15-PBD-l  -  Uncured  A  cured 

15-PBD-2  -  Uncured  &  cured 

15-PBD-3  -  Uncured  &  cured 

15-TP-B  -  Cured  A  unco red  unk 
15-TP-B-l  -  cured  A  uncured 
MIL-T-1 189 IB  -  Unk 
MIL-T-1 1891B  -  Unk 
German  leopard  -  7/72  Unk 
L-67-TB  -  cured 
L-68-TB  -  cured 
L-67-TB  uncured 
L-68-TB  -  uncured 
Leoperd  I  -  3/76  Unk 
Table  A  -  Ref  14A  -  uncured 

Table  4  -  Ref  14A  -  cured 

Table  4  -  Ref  14A  -  uncured 

Table  4  -  Ref  10L  -  cured 

15-NSP-2A  -  uncured 
15-NSP-2A  -  cured 
Table  4  -  Ref  14A 
15-TP-E  -  Unk 

Table  4  -  15-TP-lOUt  -  uncured 

Table  4  -  15-TP-10LX  -  cured 

Table  '  -  15-TP-14AX  -  uncured 

Table  4  -  1S-TP-14AX  -  cured 

Table  4  -  Kef  10L  -  cured 

Table  4  -  Ref  14A  -  cured 

P29  -  uncured  -  unk 

1*29  -  cured  -  unk 

Tabic  4  -  SPAL-32  -  Tr  lb lend 

SP  QPL  -  Bushing  Crapd  -  unk 

British  Chleftaln-AVON  -  unk 

Swedish  Skega  -  unk 

British  Vickers  -  unk 

French  ANX  13  -  unk 

Jaosn  -  unk 

French  AMX  30  -  unk 

Austrian  Kucrsssler  -  unk 


*Exp-unk  •  experimental  unknown  composition  purchased  under  mil  specif  lent  Ions. 
10L  and  101.X  arc  different  batches  of  the  same  composition!  14A  and  14AX  as 
veil  as  Table  4.  Known  coopositions  arc  given  either  in  Table  4  or  cite 
appendix. 
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Table  4.  MIL-T-11891D  TRACK  BLOCKS  AND  PADS  RUBBER  COMPOUNDS 


Materials 

Parts  Per  Hundred  Rubber-PHR 
Ground  Side  Wheel  Side 

Styrene-Butadiene  SBR-15Q0 

35 

60 

Polybutadiene  Taktene-220 

30 

40 

Natural  Rubber  SMR-20 

35 

0 

N220  Carbon  Black 

65 

65 

Zinc  Oxide 

3 

3 

Stearic  Acid 

1.50 

1.50 

Suno.lite  100  -  Hydrocarbon  Wax 

1.50 

1.50 

Santoflex  13  -  Antidegradant 

3 

3 

Flectol  Flakes  -  Antidegradant 

2 

2 

Sundox  790  -  High  Aromatic  Oil 

4 

4 

Sulfur 

1.3 

1.3 

Dibs  Sulfanamide  Accelerator 

3.2 

3.2 

Santogard  PVI 

0.2 

0.2 

- -  .  _ 

184.70 

134.70 

13 


Table  5.  COMPOSITIONAL  ANALYSIS  BY  THERMOGRAVIMETRY 


TR  Nuraber 

1090  Data 

TGA 

DTG  Peak,  'C 

990  Data 

TGA 

DTG  Peak, 

15 

*  Organics,  65.31 

X-Carbon  Black,  31.76 

X  Residue,  2.62 

405 

X  Organics,  66.13 

X  Carbon  Black,  30.22 

X  Residue,  3.64 

420 

16 

X  Organics,  65.91 

X  Carbon  Black,  30.72 

X  Residue,  3.53 

395 

X  Organics,  63.45 

X  Carbon  Black,  32.53 

X  Residue,  4,02 

422 

17 

X  Organics,  62.07 

X  Carbon  Black,  35.36 

X  Residue,  2.62 

435(S) 

400(SH) 

X  Organics,  60.11 
*  Carbon  Black,  35.99 

X  Residue,  3.57 

500 

18 

X  Organics,  61.95 

X  Carbon  Black,  35.64 

X  Residue,  2.45 

442(8) 

410(SH) 

X  Organics,  61.05 

X  Carbon  Black,  35,38 

X  Residue,  3.90 

50b 

19 

X  Organics,  65.40 

X  Carbon  Black,  30.67 

X  Residue ,  5. 20 

395(8) 

345 (SH) 

X  Organics  63,84 

X  Carbon  Black,  29,72 

X  Residue,  6.44 

425 

20 

X  Organics,  64.52 

X  Carbon  Black,  31.34 

X  Residue,  4.57 

400 

X  Organics,  64.61 

X  Carbon  Black,  29.84 

X  Residue,  5.55 

425 

21 

X  Organics,  61.77 

X  Carbon  Black,  36.15 

X  Residue,  2.09 

450(S) 

410(SH) 

X  Organics.  60,40 

X  Carbon  Black,  36.40 

X  Residue,  3.20 

500 

22 

X  Organics,  64.99 

X  Carbon  Black,  31.26 

X  Residue,  3.81 

450(S) 

375(H) 

X  Organics,  62.97 

X  Carbon  Black,  32,04 

X  Residua,  4.99 

495CS) 

425(H) 

23 

X  Organics ,  63.31 

X  Carbon  Black,  34,67 

X  Residue,  1.89 

37S(S) 

440(H) 

X  Organics,  62.27 

X  Carbon  Black,  34.7) 

X  Residua.  2.99 

430(8) 

485(H) 

24 

X  Organlta,  62.00 

X  Carbon  Black,  35.12 

X  Residue,  2.87 

470 

X  Organics,  59.60 

X  Carbon  Black,  38.00 

X  Residua ,  2.40 

S02(S) 

340(W) 

25 

X  Organics,  60.71 

X  Carbon  Black,  35.71 

X  Residue,  3.75 

500 

26 

X  Organics,  63.20 

X  Carbon  Black,  31.70 

X  Residua,  5.30 

430 

27  -  03 

X  Organics,  64.71 

X  Carbon  Black,  32,79 

X  Residue,  2.55 

450 

X  Organics,  63.45 

X  Carbon  Black,  )2.53 

X  Residua,  4.02 

494(H) 

325(H) 

27  -  RU 

X  Organics,  68.44 

X  Carbon  Black,  38.82 

X  Residua,  2.51 

450 

X  Organics,  58.63 

X  Carbon  Black,  39,36 

X  Residue,  2.81 

490 

% 

1 

a 

38  -  C 

X  Organics,  67.52 

X  Carbon  Black,  29,49 

X  Residue,  2.99 

450(8) 

390(88) 

X  Organics,  67.87 

X  Carbon  Black,  29.32 

X  Residua,  2.81 

491(9) 

290(H) 

19  -  UC 

X  Organics,  67.89 

X  Carbon  Black,  30.14 

X  Residua.  2.00 

450 

14 


Table  5  (Continued) 


TR  Number 

1090  Data 

TGA 

DTG  Peak,  ®C 

990  Data 

TGA 

DTG  Peak,  • 

39  -  C 

2  Organics,  67.97 

X  Carbon  Black,  30.92 

2  Residue,  1. 18 

460(S) 

410(SH) 

2  Organics,  67.47 

X  Carbon  Black,  29.72 

2  Residue,  2.81 

500 

O 

1 

cz 

o 

2  Organics,  69.28 

2  Carbon  Black,  28.33 

2  Residue,  2.20 

465(S) 

375(SH) 

2  Organics,  68.00 

2  Carbon  Black,  28.00 

X  Residue,  4.00 

493 

40  -  C 

2  Organics,  68.60 

2  Carbon  Black,  28.41 

2  Residue,  2.69 

455 

2  Organics,  66.40 

2  Carbon  Black,  30.40 

2  Residue,  2.40 

497 

41  -  UC 

2  Organics,  68.00 

2  Carbon  Black,  27.93 

2  Residue,  3.  17 

380 

2  Organics,  66.97 

2  Carbon  Black,  28.90 

2  Residue,  4.13 

413* 

41  -  C 

2  Organics,  68.05 

2  Carbon  Black,  28.62 

2  Residue,  3.90 

385 

42  -  UC 

2  Organics,  67.69 

2  Carbon  Black,  30.00 

2  Residue,  2.37 

380(S> 

440(SH) 

X  Organica,  65.00 

2  Carbon  Black,  30.83 

X  Residue,  4.17 

405* 

42  -  C 

2  Organics,  67.52 

2  Carbon  Black,  30.09 

2  Residue,  2.45 

380 

43  -  UC 

2  Organics,  67.56 

2  Carbon  Black,  29.73 

2  Residue,  2.78 

375(S) 

425 (SH) 

2  Organica,  66.67 

X  Carbon  Black,  28.84 

2  Residue,  4.50 

406* 

43  -  C 

2  Organics,  68.41 

2  Carbon  Black,  29.28 

2  Residue,  2.33 

37  5( S ) 
42S(SH) 

X  Organica,  68.0 

X  Carbon  Black,  29.4 
•  Residue,  2.6 

405* 

44  -  UC 

2  Organics,  67,81 

2  Carbon  Black,  29.30 

X  Residue,  2.96 

38Q(S) 

425(SH) 

44  -  C 

2  Organic*,  64.92 

2  Carbon  Black,  31.42 

2  Residue,  3.66 

39S(S) 

440(5H) 

X  Organics,  62,30 

X  Carbon  Black,  34.02 

2  Residue,  3.69 

420 

73  -  C 

2  Organics,  67.33 

X  Carbon  Black,  30.63 

2  Residue,  2.05 

470(S) 

375(W) 

435(58) 

2  Organics,  66.40 

X  Carbon  Black,  29.60 

X  Residue,  4.00 

508(8) 

420(88) 

74  -  UC 

2  Organics,  67,10 

2  Carbon  Black,  30.05 

2  Residue,  2.93 

480(8 ) 
370(g) 
445(88) 

74  -  C 

X  Organics,  67. 75 

2  Carbon  Black,  30.35 

2  Residue,  1.88 

460(8) 

370(g) 

445(88) 

2  Organtcs,  64,40 

2  Carbon  Black,  31.60 

2  Residue,  4.00 

495 

75  -  C 

2  Organics,  63.42 

2  Carbon  Black,  33.12 

2  Residue,  3.49 

47$(S) 

440(88) 

2  Orgenlco,  64,40 

2  Carbon  Black,  31.60 

2  Residue,  4.00 

495(8) 

330(g) 

76  -  UC 

2  Organtcs,  62.38 

X  Carbon  Black,  35.93 

2  Residue,  1.73 

450(8) 

400(g) 

76  -  C 

2  Organics,  62,39 

X  Carbon  Black,  35.66 

X  Residue,  1.99 

455(8) 

400(88) 

#4 

2  Organics,  64.43 

2  Carbon  Black,  32.40 

2  Residue,  3.22 

450(8) 

420(88) 

2  Organics,  61.70 

2  Carbon  Black,  32.00 

2  Residua,  6.40 

507 
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Table  5  (Continued) 


TR  Number 

1090  Data 

990  Date 

TGA 

DTG  Peak.  *C 

TGA 

DTG  Peak.  * 

85 

X  Organics,  58.77 

Z  Organics,  58.80 

3!  Carbon  Black,  38.44 

465(S) 

Z  Carbon  Black,  38.00 

495(S) 

X  Residue,  2.89 

415(SH) 

Z  Residue,  2.60 

350(H) 

86 

Z  Organics,  62.24 

Z  Organics,  61.45 

Z  Carbon  Black,  31.63 

370(S) 

Z  Carbon  Black,  32.53 

413* 

Z  Residue,  6.17 

420(SH) 

X  Residue,  6.02 

87 

Z  Organics,  63.46 

Z  Organic* ,  62.3 

485(S) 

Z  Carbon  Black,  34.53 

470(8) 

Z  Carbon  Black,  34.2 

410(H) 

Z  Residue,  1.66 

375(H) 

Z  Residue,  3.5 

300(H) 

88 

Z  Organics,  61.91 

470(S) 

Z  Organics,  61.56 

X  Carbon  Black,  34.86 

425(H) 

Z  Csrbon  Black,  34.04 

497(3) 

Z  Residue,  3.25 

3?5(SH) 

Z  Residue,  4,41 

305(H) 

89 

Z  Organics,  63.07 

Z  Organics,  61.30 

Z  Carbon  Black,  35.18 

470(H) 

Z  Carbon  Black,  34.98 

485(3) 

Z  Residue,  1.76 

400(H) 

Z  Residue,  3.72 

417(H) 

90 

Z  Organics,  62.47 

470(S) 

X  Organics,  61.35 

Z  Carbon  Black,  34.38 

380(W) 

X  Csrbon  Black,  33.54 

495(S) 

Z  Residue,  3.16 

425(SH) 

X  Residue,  5.11 

300(H) 

91 

Z  Organics,  96.06 

440(S) 

Z  Carbon  Black,  3.76 

295(H) 

Z  Residue,  0.16 

375(W) 

92 

Z  Organics,  63.26 

Z  Organics,  62.76 

Z  Carbon  Black,  34.63 

382 

X  Csrbon  Black,  33.09 

413 

Z  Residue,  1.99 

X  Residue,  4.15 

93 

Z  Organics ,  61.95 

475(S) 

X  Organic*,  61.34 

480(8) 

Z  Carbon  Black, 36.30 

420(H) 

X  Carbon  Black,  34.82 

407(H) 

Z  Residue, 1.79 

400(W) 

X  Residua,  3,84 

280(H) 

393(SH) 

94 

Z  Organics,  61.76 

X  Organics,  62.0 

Z  Carbon  Black,  36.62 

470(8) 

X  Carbon  Black,  35.60 

485(8) 

Z  Residue,  1.73 

395(H) 

X  Residue,  2.40 

395(H) 

95 

Z  Organics,  61.83 

X  Organic*,  62.25 

Z  Carbon  Black,  35.97 

475<S> 

X  Carbon  BUck,  34.14 

495(8) 

Z  Residue,  2.36 

440(SH) 

X  Rssldus,  3,61 

300(H) 

96 

Z  Organics,  62,15 

X  Organics,  62.00 

Z  Carbon  Black,  35.33 

475(8) 

X  Csrbon  BUck,  34.80 

485(8) 

Z  Residua,  2.16 

440(SH) 

X  Residue,  3.20 

295(H) 

98 

Z  Organics,  63.97 

X  Organics,  64.00 

Z  Csrbon  Black,  34.48 

365(8) 

X  Carbon  BUck,  33.60 

420(8) 

t  fUaldua,  1.62 

450(H) 

X  Residue,  2.40 

470($H) 

99 

Z  Organics,  63,62 

X  Organics,  64.80 

Z  Carbon  Black,  35.04 

385(3) 

X  Carbon  BUck.  34.00 

420(8) 

Z  Residue,  1.38 

450(H) 

X  Residue,  1.20 

470(511) 

too 

Z  Organics,  60.61 

X  Organic*,  60.24 

493(8) 

Z  Csrbon  BUck,  37.03 

480(8) 

X  Carbon  Black,  36.02 

420(H) 

Z  Residue,  2.43 

390(H) 

X  Residue,  3,74 

305(H) 

tot 

t  Organics,  69.11 

X  Organics,  68.11 

X  Carbon  Stack,  28.97 

460(S) 

X  Carbon  Black,  27,69 

493(8) 

Z  Residue,  1.96 

420(38) 

X  Residue,  4.20 

345(H) 

III 

Z  Organics,  62.80 

X  Organics,  62.80 

Z  Carbon  BUck,  36.27 

470(S) 

X  Carbon  BUck,  35.60 

505 

Z  Residue,  0.963 

435(58) 

X  Residue,  1.60 

IU 

Z  Organics,  61.80 

475(8) 

X  Organic*,  62.65 

Z  Carbon  Slack,  36.18 

425(H) 

X  Carbon  Black,  35.74 

505 

Z  Residue,  1.69 

375(SM) 

X  Residue,  2.01 

16 


Table 

5  (Continued) 

TR  Number 

1090  Data 

TGA 

DTG  Peak,  *C 

990  Data 

TGA 

DTG  Peak,  *C 

113 

2  Organics,  61. 10 

2  Carbon  Black,  37.45 

2  Residue,  1.47 

465(S) 

395(M) 

2  Organics,  62.14 

2  Carbon  Black,  37,86 

2  Residue,  1.94 

500(S) 

430(H) 

114 

2  Organics,  61.69 

2  Carbon  Black,  36.77 

2  Residue,  1.54 

465(S) 

395(M) 

2  Organics,  61.60 

2  Carbon  Black,  36.80 

2  Residue,  1.60 

500(S) 

430(H) 

115 

2  Organics,  62.86 

2  Carbon  Black,  36.04 

2  Residue,  1.09 

•*75(S) 

440 (SH) 

2  Organics,  62.00 

2  Carbon  Black,  34.80 

2  Residue,  3.20 

503(3) 

325(H) 

116 

2  Organics,  61.73 

2  Carbon  Black,  36.54 

2  Residue,  1.71 

475(S) 

380(M) 

2  Organics,  62.40 

2  Carbon  Black,  35.60 

2  Residue,  2.00 

495(S) 

420(H) 

315(H) 

117 

2  Organics,  60.85 

2  Carbon  Black,  35.99 

2  Residue,  3. 19 

460(S) 

400(H) 

2  Organics,  59.71 

2  Carbon  Black,  36.91 

2  Residue,  3.20 

495(S) 

440(SH) 

118 

2  Organics,  61. 16 

2  Carbon  Black,  36.47 

2  Residue,  2.43 

450(3) 

390(H) 

2  Organic*,  60.03 

2  Carbon  Black,  36.19 

2  Residue,  3.82 

500(S) 

450(SH) 

120 

2  O.'ganics,  58.16 

2  Carbon  Black,  40.13 

2  Ret  idue,  1.74 

435(S) 

450(H) 

>24 

2  Organics,  74.40 

2  Carbon  .'lack,  21.99 

2  Residue,  3.61 

370(8) 

470(w) 

2  Organics,  74.50 

2  Carbon  Black,  22.40 

2  Residue,  3«2o 

427(a) 

520(v) 

127 

2  Organic*,  63.63/63.69 

2  Carbon  Black,  32.93/32.85 
X  Residue,  3.49/3.50 

395(S) 

450(H) 

X  Organic*,  62.65 

2  Carbon  Black,  33.33 

X  Residue,  4.02 

417(S) 

460(SH) 

128 

*  Organics,  61.97 

2  Carbon  Black,  36,20 

2  Residue,  1.54 

455(8) 

129 

X  Organics,  60.096 

2  Carbon  Black,  36.34 

2  Residue,  3.58 

390(8) 

435(811) 

t  Organic*.  58.00 

2  Carbon  Black,  39.20 

2  Res  Id no,  2.80 

395(8)* 

430(H) 

270(W) 

130 

2  Organic^,  62.32 

2  Carbon  Black,  35.34 

2  Re* idue,  2.40 

,iny(8) 

455(H) 

131 

2  Organics,  68,44 

2  Carbon  Black,  28,08 

2  Residue,  3.51 

380(8) 

132 

2  Organic*,  63.48 

2  Carbon  Black,  33.32 

2  Residue,  3.13 

390(8) 

455(H) 

1)3 

2  Organic*,  63.15 

2  Carbon  Black,  33.35 

390 

t  Residue,  3.5? 

*990  Data  -  10*C/«1«,  alt  other*,  20"C/»ln 

KOtt:  S  •  strong,  H  •  mcdlua,  W  »  weak,  and  Sit  ■  shoulder 
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470  455 


Table  7.  THERMOGRAVIMETRIC  ANALYSIS  DATA 


TR  Number 

Highly  Volatile  Material 
200’C  300°C 

Weight  Loss  at  400°C,  1! 

50X  Weight  Loss,  “C 

15 

1 

6 

37 

405 

16 

1 

3 

44 

401 

17 

3 

11 

27 

448 

18 

3 

12 

27 

452 

19 

1 

3 

43 

408 

20 

1 

2 

42 

408 

21 

1 

6 

16 

467 

22 

3 

7 

23 

455 

23 

2 

7 

34 

440 

27 

1 

5 

10 

490 

38-U* 

0 

4 

14 

470 

38-C* 

3 

5 

18 

450 

39-U 

0 

9 

20 

465 

39-C 

1 

5 

16 

463 

40-U 

3 

6 

16 

460 

40-C 

3 

5 

15 

460 

41-U 

2 

7 

42 

410 

41-C 

0 

5 

47 

405 

42-U 

2 

6 

48 

400 

42-C 

3 

7 

43 

420 

43-U 

3 

7 

53 

398 

43-C 

2 

5 

53 

405 

44-U 

3 

7 

51 

400 

44-C 

2 

5 

47 

400 

73-C 

1 

4 

9 

47!) 

74-C 

1 

3 

8 

485 

75-C 

l 

S 

9 

478 

76-0 

3 

9 

24 

455 

76-C 

2 

8 

22 

467 

89 

1 

6 

17 

465 

85 

2 

6 

11 

475 

86 

1 

7 

51 

400 

87 

2 

6 

23 

460 

88 

2 

6 

15 

475 

89 

2 

6 

21 

412 

90 

1 

4 

11 

475 

91 

0 

7 

42 

410 

92 

1 

6 

64 

180 

93 

0 

5 

21 

458 

94 

1 

6 

18 

411 

95 

5 

14 

475 

96 

2 

6 

15 

475 

98 

1 

5 

32 

420 

99 

1 

5 

30 

424 

UK) 

0 

1 

20 

475 

101 

l 

6 

17 

430 

111 

1 

6 

16 

411 

112 

1 

5 

14 

431 

in 

1 

7 

23 

426 

in 

1 

6 

21 

412 

115 

l 

6 

n 

475 

116 

1 

6 

23 

4l0 

117 

4 

7 

:? 

470 

118 

1 

7 

21 

455 

120 

2 

8 

13 

411 

124 

1 

6 

51 

480 

127 

0 

4 

25 

445 

128 

2 

6 

19 

475 

129 

2 

9 

32 

440 

no 

2 

5 

11 

4*5 

l)i 

1 

6 

50 

*00 

112 

2 

4 

27 

451 

111 

1 

1 

18 

445 

•U  »  uaeured,  C  •  cured 
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Table  8.  MIL  SPEC  11891D  TRACK  RUBBERS 


TR,  Type  and 
Number 

%  Organics 

X  Carbon 

Black 

X  Residue 

Theoretical 

Measured 

Theoretical 

Measured 

Theoretical 

Measured 

10L-U-95* 

63.2 

61.8 

35.2 

35.9 

1.62 

2.36 

.'OL-C-96* 

63.2 

62.2 

35.2 

35.3 

1.62 

2.16 

10L-U-111 

63.2 

62.8 

35.2 

36.3 

1.62 

0.96 

10L-C-112 

63.2 

61.8 

35.2 

36.2 

1.62 

1.69 

10L-C-113 

63.2 

62.9 

35.2 

36.0 

1.62 

1.09 

14A-U-93 

63.2 

62.0 

35.2 

36.3 

1.62 

1.79 

14A-C-94 

63.2 

61.8 

35.2 

36.6 

1.62 

1.73 

14A-U-113 

63.2 

61.1 

35.2 

37.5 

1.62 

1.47 

14A-C-114 

63.2 

61.7 

35.2 

36.8 

1.62 

1.54 

14A-C-116 

63.2 

61.7 

35.2 

36.0 

1.62 

1.71 

*U  ■  uncured,  C  *  cured 


Table  9.  COMPARISON  OF  ASH  OR  RESIDUE  CONCENTRATION 


TR  Number 

Type 

Muffle  Furnace 

TCA  1090 

TGA  990 

38 

15-SBR-2B,  uncured 

2.88 

2.99 

2.31 

38 

15-SBR-2B,  cured 

2.87 

2.89 

39 

15-SBR-17A,  uncured 

2.83 

3.36 

39 

15-S3R-17A,  cured 

2.79 

2,60 

2.81 

40 

15-SBR-25,  uncured 

3.14 

2.20 

4.00 

40 

15-S0R-25,  cured 

3.09 

2.69 

2.40 

41 

1S-NAT-2B,  uncured 

2.89 

3.17 

4.13 

41 

15-NAT-28,  eured 

2.89 

3.90 

42 

1S-NAT-11B,  uncured 

2.88 

2.37 

4.17 

42 

15-NAT-11B,  cured 

2.83 

2.45 

43 

15-NAT-18C,  uncured 

3.24 

2.78 

4.50 

43 

15-NAT-18C,  cured 

3.16 

2.33 

44 

15-NAT-22.  uneured 

3.73 

2.96 

44 

15-NAT-22,  cured 

3.20 

3.66 

3.69 

Table  10.  DIFFERENTIAL  SCANNING  CALORIMETRY  OF  CURED  AND  UNCDRED  TRACK  RUDDERS 


TR  Nutaber 

«. 

Uncured 

Cured 

Cura  Exotherm  Teepcraiure , 

•c 

Ocher  tbernal  Events .  *C 

•c. 

15  and  56 

31.5 

13.2 

195 

Uneured,  Eodother*  at  167 

19  and  20 

11. 5 

175 

38 

20.2 

0.1 

171 

39 

21.1 

8.1 

171 

*0 

1.0 

0 

170 

Uneured,  endotber*  at  145 

*2 

18.0 

6.3 

188 

Uneured,  end  at  her  a  at  140 

43 

18.2 

6.1 

197 

Uncured,  end ot bare  at  140  (a),  150 

(*),  155  (v) 

44 

16.8 

0 

143 

73 

4.42 

2.54 

182 

Uneured,  endotber*  at  145 

74 

4.08 

0 

180 

Uneured  and  cured,  endotber*  at  200 

88  and  90 

7.90 

0 

190 

93  and  94 

3.29 

0 

191 

93  and  96 

4  ,1 

0 

195 

98  and  99 

8.48 

0.81 

170 

Hi  and  112 

*.30 

0 

200 

113  and  114 

6.33 

0 

193 

117  and  118 

12.3 

1.84 

192 

20 


Table  11.  GLASS  TRANSITION  TEMPERATURES  DETERMINED  BY  PENETRATION  TMA 


TR 


TR 


Number  Type  of  Rubber 


("« 


Number 


Type  of  Rubber  Tg  (°C) 


15 

NR,  Uncured 

-57 

44-U 

NR 

-60 

16 

NR,  Cured 

-57 

!  44-C 

NR 

-59 

17 

SBR  and  PB,  Uncured 

-50 

74-C 

PB 

-88.4 

18 

SBR  and  PB,  Cured 

-63 

74-U 

PB 

-102.4 

IS 

SBR  and  PB,  Uncured 

-60 

75-C 

-46.1 

20 

SBR  and  PB,  Cured 

-61.2 

84 

-48 

21 

-43 

85 

-49 

22 

SBR 

-46 

88 

-65.3 

23 

NR 

-57 

89 

-64.7 

24 

-43 

90 

-62.9 

25 

-38 

92 

-41.7 

26 

-57 

93 

Trio lend 

-105.2,  -60.1 

27-RW 

SBR/BR 

-66 

94 

Triblend 

-62.4 

27-GS 

SBR 

-50 

95 

SBR-PB 

-54.1 

38-U 

SBR 

-48 

96. 

SBR-PB 

-63.5 

38-C 

SBR 

-46 

98 

-61.8 

39-U 

SBR 

-48 

99 

-62.9 

39-C 

SBR 

-45 

100 

Triblend 

-65.9 

40-U 

SBR 

-48 

101 

-51.2 

41— U 

NR 

-59 

111 

-57.1 

41— C 

NR 

-58 

112 

SBR-PB 

-68.2 

42-U 

NR 

-60 

hi 

Triblend 

-63.5 

42-C 

NR 

-58 

n5 

SBR-PB 

-66.5 

43-U 

NR 

-59 

116 

Triblend 

-76.1 

43-C 

NR 

-63 

117 

-54.1 

Table  12. 

COMPARISON  OF 

GLASS  TRANSITION  TEMPERATURES 

OF  TRACK  RUBBERS 

TR  Number 

DSC,  T°C 

TMA,  *C 

Rheometrics,  *C 

16 

-57 

-60 

18 

-63 

-63 

21 

-42 

-43 

22 

-43 

-46 

23 

-58 

-57 

24 

-45 

-43 

25 

-37 

-38 

2h 

-54 

-57 

27-GS 

-49 

-50 

27-RW 

-66 

41  Cured 

-57 

-58 

75 

-48 

-46 

85 

-42 

-49 

93 

-42 

-101,  -63 

94 

-58 

-62 

96 

-64 

-56 

98 

-58 

-62 

99 

-6G 

-63 

101 

-55 

-51 

111 

-57 

■•98,  -48 

112 

-59 

-59 

'13 

-6  <4 

-98,  -49 

114 

-58 

-59 

115 

-67 

-60 

116 

-76 

-110,  -83,  -61 

117 

-50 

-54 

118 

-48 

-39 

21 


Table  13.  GLASS  TRANSITION  TEMPERATURE  OF  SELECTED  ELASTOMERS 


Rubber  Type 

*C,  Uncured 

*C,  Cured 

Natural  Rubber 

-60 

-56 

Cis-Polybutadlene 

-105 

-95 

SBR-1500 

-49 

-47 

Table 

14. 

UNITED  STATES  '  ERSUS  FOREIGN  TRACK 

RUBBER 

TR 

Country  of 
Origin 

DTG  Peak,  °C 
1090  Data 

Indentificatlon 

2) 

United  Staten 

410  (SH) 

450  (S) 

SR 

24 

United  States 

470 

SR 

27  -  GS 

United  States 

450 

SBR 

27  -  RW 

United  States 

450 

SBR/BR* 

84 

United  States 

420  (SH) 

450  (S) 

SR 

85 

United  States 

SR 

86 

West  Germany 

370  (S) 

420  (SH) 

NR 

92 

Australia 
(West  Germany) 

382 

NR 

127 

United  Kingdom 

395  (S) 

450  (H) 

NR/S*. 

128 

Sweden 

450  (S) 

SR 

129 

United  Kingdom 

390  (S) 

435  (SH) 

NK/SR 

130 

France 

380  (S) 

455  (M) 

NR/SR 

131 

Japan 

380  (S) 

NR 

132 

France 

390  (S) 

455  (H) 

NR/SR 

133 

Austria 

390 

NR 

SR  “  Synthetic 

rubber  (SBR,  UR  or  SBR/BR) 

*  For  TR  27-CS, 

V 

-50  *C;  TR  27-Rtf,  T 

-  -66 ’C.  Values  determined  by  THA 

APPENDIX.  COMPOSITIONS  OF  SAMPLES  FROM  TABLE  3 


A.  The  following  non-proprietary  compounds  were  purchased  from  B.F.  Goodrich 


TR-15,  16 

PHR 

TR-17,  18 

PHR 

#3SS  NR 

100.0 

1712  Oil  extended  SBR 

68.75 

Zinc  oxide 

5.0 

CB  441  Oil  extended  BR 

68.75 

Stearic  acid 

1.0 

Zinc  oxide 

5.00 

N1 10  carbon  black 

55.0 

Stearic  acid 

1.50 

Pine  tar  softener 

5.0 

N234  carbon  black 

85.00 

Antonlze  67F 

2.0 

Dutrex  916 

5.00 

(antiozonant) 

Petroleum  base  softener 

Age-Rite  Resin  D 

3.0 

Antozite  67F 

2.00 

(antioxidant) 

Age-Rite  Resin  D 

1.50 

Goodrlte  3146 

1.0 

Santocure  MOR 

1.20 

(antioxidant) 

Sulfur 

1.75 

Santocure  MOR 

1.0 

(accelerator) 

Recipe  Wt.  = 

240.45 

Sulfasan  R 

2.0 

Sulfur 

0.5 

Specific  Gravity  « 

1.17 

Recipe  Wt»  * 

175.5 

Specific  Gravity  ■ 

1.15 

TR  -  17,  18  were  wire  reinforced  versions  of  TR  -  15,  16. 

B.  SBR  Rubber  Formulations 

-  Ft. 

Belvoir 

TR-38 

PHR 

TR-39 

TR-40 

SBR  Rubber,  Firestone  FRS-1500 

100.0 

100.0 

100.0 

Zinc  oxide,  Kadox  150 

4.0 

4.0 

4.0 

Stearic  acid,  #1  Rubber  grade 

2.0 

2.0 

2.0 

SAF,  N110  Black 

45.0 

45.0 

45.0 

Age-Rite  Resin  D,  antioxidant 

0.5 

0.5 

0.5 

Antiozite  2-anttozonant 

3.0 

3.0 

3.0 

Sulfur,  Rubber  Makers 

2.0 

2.0 

0.75 

Santocure,  accelerator 

1.5 

1.5 

- 

Butyl  Tuads 

- 

- 

0.625 

Octoate  Z 

- 

- 

1.5 

Acryl  Lactate 

- 

- 

1.0 

Aoax 

- 

- 

1.875 

C.  Natural  Rubber  Formulations  ~  Ft.  Belvoir 


PHR 


Natural  Rubber,  Smoked  Sheet 
RSS-1 

Zinc  oxide  -  Hadox  150 

Stearic  acid,  #1  Rubber  grad* 

SAF  Black,  N110 

Age-Rite  Resin  D,  Antioxidan 

Antlozlte  2,  Antlozonant 

Sulfur,  Rubber  Makers 

Santocure 

Butyl  Tuads 

Octoate  1 

Auryl  Lactate 

Amax 

D.  Polybutadiene  Rubber  For 


Polybutadiene 
Zinc  Oxide 
Stearic  acid 
SAF  Black,  NliO 
Sulfur 
Santocure 

K,  Miscellaneous  Samples  - 


TR-41 

TR-42 

TR-43 

TR-44 

100.0 

100.6 

100.0 

100.0 

4.0 

4.0 

4.0 

4.0 

2.0 

2.0 

2.0 

2.0 

45.0 

45.0 

45.0 

45.0 

0.5 

0.5 

0.5 

0.5 

3.0 

3.0 

3.0 

3.0 

2.5 

2.5 

2.5 

0.75 

0.8 

0.8 

0.8 

- 

_ 

- 

- 

0.625 

— 

- 

•** 

1.5 

— 

- 

- 

1.0 

- 

- 

- 

1.875 

mlations  -  Ft.  Belvoir 

PHR 

TR-72 

TR-73 

TR-74 

100.0 

100.0 

100.0 

4.0 

4.0 

4.0 

2.0 

2.0 

2.0 

45.0 

45.0 

45.0 

2.0 

2.0 

2.0 

1.5 

1.5 

1.5 

?t.  Belvoir 

TR-76 

PHR 

SBR 

80.0 

BR 

20.0 

Zinc  oxide 

4.0 

Steartc  Acid 

1.0 

Age-rite  Resin  0 

2.0 

Amtnox 

3.0 

N339  Black 

65.0 

Sundex  790 

20.0 

Plasthall  P-7092 

5.0 

Santocure  NS 

1.7 

Sulfur 

3.0 
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F.  Miscellaneous  Samples  -  Ft.  Belvior 


PHR 


TR-98 

TR-99 

NR 

60.0 

60.0 

SBR 

40.0 

40.0 

BR 

30.0 

30.0 

Zinc  oxide 

3.0 

3.0 

Stearic  acid 

2.0 

2.0 

SAF  Black  N110 

42.0 

42.0 

Age-rite  Resin  D 

0.5 

0.5 

Antozlte  Z 

5.0 

5.0 

Age-rite  White 

0.5 

0.5 

Piccopale  100 

3.5 

3.5 

Sulfur 

2.0 

2.0 

Santocure 

1.5 

1.5 
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